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(54) CELL AND STRUCTURE INCUBATOR 



(57) A cell/tissue culture apparatus for applying a 
desired tensile stress to a material to be cultivated such 
as a cell or tissue as a physical stimulation, thereby en- 
hancing acceleration of culture of the material to be cul- 
tivated. The cell/tissue culture apparatus comprises a 
chamber (a culture chamber 8) for circulating a culture 
fluid (24), a material to be cultivated (a matrix 32) that 
is placed and cultivated in the chamber, stress genera- 
tion means (an electromagnetic stretcher 38, an actua- 
tor 56) for causing a tensile stress to act on the material 
to be cultivated from an outside of the chamber, and con- 
trol means (controllers 50, 60) for causing the tensile 
stress generated by the stress generation means to in- 
termit as well as undergo gradual increase or gradual 
decrease. The material to be cultivated can be caused 
to undergo expansion or contraction by applying and re- 
lieving the tensile stress, thereby applying a physical 
stimulation necessary forthe proliferation to the material 
to be cultivated. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to a cell/tissue 
culture apparatus for use in the culture of a cell or tissue, 
and so forth to which a tissue engineering is applied, 
more particularly, relates to a cell/tissue culture appara- 
tus for efficiently realizing a metabolism function of a cell 
or tissue when performing an in vitro culture of the cell 
or tissue of a living body such as a human body, and so 
forth, and applying a physical stimulation necessary for 
prolongation, differentiation, and acceleration of a cell 
to a material to be cultivated. 

BACKGROUND TECHNOLOGY 

[0002] There has been conventionally employed a 
method of performing an in vitro culture of a cell ortissue 
of a living body such as a human body, and so forth, 
wherein a temperature, a humidity, a carbon dioxide 
concentration, an oxygen concentration in an incubator 
(culture housing) are maintained at proper conditions, 
and the cell is cultivated in the incubator. The cell ortis- 
sue is placed in a culture fluid in a suspending state, or 
it is fixed to an interior or a surface of a gel in which the 
culture fluid ingredient is contained, thereby proliferating 
and growing the cell or tissue, or the cell or tissue is 
transplanted in a material, that is exemplified as a matrix 
or a scaffold, a carrier or a mold, and so forth (hereinafter 
referred to as "matrix"), thereby proliferating and grow- 
ing the cell ortissue. 

[0003] Meanwhile, it is important to apply a physical 
stimulation to a cell ortissue to be cultivated in addition 
to an environment condition such as a temperature, a 
humidity, a carbon dioxide concentration, an oxygen 
concentration for proliferating and growing the cell ortis- 
sue. Such a physical stimulation is an indispensable 
constituent for facilitating differentiation and growth of 
the cell or tissue and for growing the cell or tissue to be 
rendered closer to the cell or tissue in the living body. 
For a technology for applying a physical stimulation to 
the cell or tissue for proliferating and growing the cell or 
tissue, there are, for example. Japanese Patent No. 3 
163 533 entitled "An elastic stimulation application load 
apparatus for use in a cell to be cultivated using a sili- 
cone belt". 

[0004] Although it is necessary to add a dynamic con- 
dition such as a physical stimulation to a static condition, 
a so-called culture environment such as a temperature, 
a humidity, a carbon dioxide concentration, an oxygen 
concentration for proliferating and growing the cell ortis- 
sue, there is a possibility that the control of the dynamic 
condition together with the static condition renders a 
control mode complex, and a factor caused by the inva- 
sion of various bacteria, and so forth increases It is an 
important challenge to protect a material to be cultivated 
from contamination with various bacteria. 



[0005] Accordingly, it is an object of the present inven- 
tion to provide a cell/tissue culture apparatus for apply- 
ing a desired tensile stress to a material to be cultivated 
such as a cell ortissue as a physical stimulation , thereby 
5 enhancing acceleration of culture of the material to be 
cultivated. 

DISCLOSURE OF THE INVENTION 

10 [0006] The cell/tissue culture apparatus according to 
the present invention comprises a chamber (a culture 
chamber 8) for circulating a culture fluid (24), a material 
to be cultivated (a matrix 32, culture materials 32A, 32B) 
that is placed and cultivated in the chamber, stress gen- 

15 eration means (an electromagnetic stretcher 38, an ac- 
tuator 56) for causing a tensile stress to act on the ma- 
terial to be cultivated from an outside of the chamber, 
and control means (controllers 50, 60) for causing the 
tensile stress generated bythestress generation means 

20 to intermit, and undergo gradual increase or gradual de- 
crease in magnitude, wherein the tensile stress applied 
to the material to be cultivated is caused to intermit as 
well as undergo the gradual increase or gradual de- 
crease in magnitude overtime. 

25 [0007] More specifically, the tensile stress generated 
by the stress generation means is applied to the material 
to be cultivated, placed in the chamber, from an outside 
of the chamber And the stress is controlled by the con- 
trol means in such a manner that it is caused to intermit 

30 or caused to render in a state of gradual increase or 
gradual decrease. As a result, the material to be culti- 
vated expands when the tensile stress is applied and 
contracts when the tensile stress is relieved, thereby un- 
dergoing expansion and contraction. For example, by 

35 securely attaching one end of the material to be cultivat- 
ed to an inner part of the chamber and causing tension 
to discontinuously act on the other end of the material 
to be cultivated, the material to be cultivated can be 
caused to undergo expansion or contraction, so that a 

40 tensile stress corresponding to the magnitude of the ex- 
pansion or contraction, the magnitude of the tension, in- 
terim ittence, and so forth is applied to the material to be 
cultivated, whereupon a physical stimulation necessary 
for proliferation thereof is applied to the material to be 

45 cultivated so that it is possible to create tenacious tis- 
sues such as ligaments, and so forth by cultivating the 
same. In this case, for the stress generation means for 
causing the tensile stress, it is possible to use means 
for generating mechanical force, such as a cylindrical 

50 device and so forth. 

[0008] The cell/tissue culture apparatus according to 
the present invention may further comprises a chamber 
(a culture chamber 8) for circulating a culture fluid (24) : 
an elastic member (a culture sheet 22) placed in the 

55 chamber together with the material to be cultivated (the 
matrix 32 ; the culture material 32A, 32B), and stress 
generation means (the electromagnetic stretcher 38. 
the actuator 56) for causing a tensile stress to act on the 
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material to be cultivated from an outside of the chamber 
through the intermediary of the elastic member and con- 
trol means (controllers 50 : 60) for intermitting the tensile 
stress generated by the stress generation means, and 
enabling the tensile stress to undergo gradual increase 5 
or gradual decrease in magnitude, wherein the tensile 
stress applied to the material to be cultivated is caused 
to intermit as well as undergo the gradual increase or 
gradual decrease in magnitude overtime. 
[0009] Incidentally, in causing tension to act directly 10 
on the material to be cultivated, it is important to give 
sufficient consideration to growth of the material to be 
cultivated so as to prevent damage or rupture from oc- 
curring thereto. Hence if the material to be cultivated is 
adhered to the elastic member, the material to be culti- 15 
vated will be protected by the elastic member, and can 
undergo expansion or contraction together with the 
elastic member. By applying, the tensile stress generat- 
ed by the stress generation means to the elastic mem- 
ber to thereby cause the same to undergo expansion or 20 
contraction, it is possible to cause a tensile stress, cor- 
responding to such expansion or contraction, to act on 
the material to be cultivated. If the material to be culti- 
vated is cultivated by causing such a tensile stress to 
act thereon, this will lead to realize a cell or tissue such 25 
as tendons, ligaments, and so forth to which a tensile 
stress is incessantly applied. For example, by securely 
attaching one end of the elastic member in which the 
material to be cultivated is transplanted to an interior of 
the chamber and causing tension to dlscontinuously act 30 
on the other end of the elastic member, the elastic mem- 
ber can be caused to undergo expansion or contraction, 
so that a tensile stress corresponding to the magnitude 
of the expansion or contraction, the magnitude of the 
tension, intermittence of the tension, and so forth can 35 
be applied to the material to be cultivated. 
[0010] With the cell/tissue culture apparatus accord- 
ing to the present invention, the stress generation 
means (the electromagnetic stretcher 38) is character- 
ized in comprising an electromagnetic force generation *o 
unit for causing magnetic force to act on a magnetic 
body (30) attached to the material to be cultivated or the 
elastic member. That is, if electromagnetic force is 
caused to act on the magnetic body (30) attached to the 
material to be cultivated or the elastic member, a nec- 45 
essary tensile stress can be applied from an outside of 
the chamber, in which the material to be cultivated is 
placed, to the material to be cultivated or the elastic 
member by the magnetic force. In this case, because a 
tensile stress can be applied to the material to be culti- so 
vated without being in contact therewith and indirectly 
from an outside of the chamber, the material to be cul- 
tivated can be protected from contamination with vari- 
ous bacteria and so on. 

[0011] With the cell/tissue culture apparatus accord- 55 
ing to the present invention, it is characterized in that for 
the elastic member use is made of a silicone rubber 
sheet. That is. the silicone rubber sheet has elasticity 



necessary for applying tensile stress as physical stimu- 
lation to the material to be cultivated and does not con- 
taminate the material to be cultivated. 
[0012] Further with the cell/tissue culture apparatus 
according to the present invention, it is characterized in 
that a culture unit (2) in which the chamber is formed is 
attachable to, and detachable from a culture circuit (cir- 
culation path 23) for circulating the culture fluid. That is, 
the material to be cultivated can be transferred along 
with the culture unit, and the culture unit is hermetically 
sealed with ease, so that the material to be cultivated 
can be protected from contamination with various bac- 
teria, and so forth. 

[0013] Still further, with the cell/tissue culture appara- 
tus according to the present invention, it is characterized 
in that a part or whole of the culture unit in which the 
chamber is formed is rendered transparent, and may 
have photographing means (CCD camera 522) is pro- 
vided, thereby enabling the material to be cultivated, 
placed in the chamber, to be photographed from an out- 
side of the chamber. That is, the material to be cultivated 
in a culture state can be photographed, and culture con- 
ditions can be easily monitored without disturbing cul- 
ture environments inside the chamber. Photographs 
thereof or image data thereof serve as important refer- 
ence material concerning proliferation and growth of the 
material to be cultivated. 

[0014] With the cell/tissue culture apparatus accord- 
ing to the present invention, it is characterized in that 
the material to be cultivated is formed in a flat sheet, and 
a cylindrical or prismatic shape. That is, the material to 
be cultivated is cultivated in the flat sheet, and the cy- 
lindrical or prismatic shape as a form corresponding to 
the portion of a human body such as ligaments and so 
forth to be repaired. 

[0015] With the cell/tissue culture apparatus accord- 
ing to the present invention, it is characterized in that 
the material to be cultivated has a fibrous or string 
shaped tissue, woven therein, thereby having elasticity. 
That is, by weaving the fibrous or string shaped tissue, 
for example, the tissue made of collagen formed in fi- 
brous shape or in string shape, it is possible to cause 
the tissue prior to proliferation to retain proper elasticity 
and tenacity, so that tenacious tissue, such as liga- 
ments, and so forth can be cultivated, 
[0016] Objects, features, advantages, and so forth of 
the present invention are more clarified by taking into 
account the description of the mode for carrying out the 
invention and the embodiments as illustrated in the 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0017] 

Fig. 1 is a front view showing a first embodiment of 
a cell/tissue culture apparatus according to the 
present invention. 
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Fig. 2 is a sectional view taken along the line 11-11 in 
Fig. 1. 

Fig. 3 is an exploded perspective view of a culture 
unit. 

Fig. 4 is a perspective view showing a culture sheet. 5 
Fig. 5 is a block diagram showing a controller. 
Fig. 6 is a view showing the culture unit installed in 
a culture housing. 

Fig. 7 is a flowchart showing a first half part of a 
control program. 10 
Fig. 8 is a flowchart showing a latter half part of the 
control program shown in Fig. 7. 
Fig. 9 is a partial front view of a second embodiment 
of a cell/tissue culture apparatus according to the 
present invention. 15 
Fig. 10 is a sectional view taken along the line XX 
in Fig. 9. 

Fig. 11 is a sectional view taken along the line XI-XI 
in Fig. 9. 

Fig. 12 is a perspective view showing a culture 20 
sheet. 

Fig. 13 is an exploded perspective view of a culture 
unit. 

Fig. 14 is a block diagram showing a controller. 

Fig. 15 is a flowchart showing a first half part of a 25 

control program. 

Rg. 1 6 is a flowchart showing a latter half part of 
the control program shown'in Fig. 15. 
Fig. 17 is a timing chart showing an operation dis- 
play, completion display and an operation of an ac- 30 
tuator. 

Fig. 18 is a sectional view showing the attachment 
and detachment of the culture unit. 
Fig. 19 is a block diagram showing a third embodi- 
ment of a cell/tissue culture apparatus according to 35 
the present invention. 

Fig. 20 is a view showing another embodiment of a 
material to be cultivated. 

Fig. 21 is a view showing still another embodiment 
of a material to be cultivated. 40 
Fig. 22 is a view showing still another embodiment 
of a material to be cultivated. 
Fig. 23 is a view showing still another embodiment 
of a material to be cultivated. 

45 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0018] A mode for carrying out the present invention 
is now described in detail with reference to the embod- 
iments. 5 o 
[0019] Figs. 1 to 6 show a first embodiment of a cell/ 
tissue culture apparatus according to the present inven- 
tion, wherein Fig. 1 shows configurations of a culture 
unit and a driving part, Fig. 2 is a sectional view taken 
along the line ll-ll in Fig. 1 , Fig. 3 shows a configuration 55 
of a culture unit. Fig. 4 shows a culture sheet. Fig. 5 
shows a controller and Fig. 6 shows a culture environ- 
ment. 
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[0020] A culture unit 2 for forming a culture space in 
which a material to be cultivated serving as a cell or tis- 
sue of a living body of a human, and so forth is cultivated 
is provided in the cell/tissue culture apparatus. The cul- 
ture unit 2 has a high grade heat resistant property and 
is made of a synthetic resin material or a metal material 
from which a material adversely affecting on a living 
body does not liquate out for example, fluorine resin, 
PEEK, high grade heat resistance polypropylene, sili- 
cone, stainless steel, and so forth. 
[0021] The culture unit 2 comprises a container 4 and 
a cover 6 which is detachably attached to the container 
4, and a culture chamber 8 serving as a closed culture 
space is formed inside the container 4 hermetically 
sealed with the cover 6. According to this embodiment, 
the cover 6 is detachably fixed to the container 4 by a 
plurality of fixing bolts 10, and a rectangular O ring 12 
is interposed between the container 4 and the cover 6 
so as to enclose the a culture chamber 8, so that a suf- 
ficient hermeticity is held in the culture chamber 8. The 
container 4 may be configured to form a transparent part 
or made of a transparent material so as to visually con- 
firm a culture state inside the container 4. 
[0022] The culture chamber 8 has a circular part 14 
at the inner side and a rectangular part 1 6 at the opening 
side, wherein circular port parts 1 8, 20 are formed on a 
wall part of the container 4 at the circular part 1 4 side in 
a direction of a diameter of the circular part 14, and a 
culture sheet 22 made of silicon rubber, and so forth 
serving as an elastic member forming a culture floor is 
installed at the rectangular part 16 side. Circulation 
tubes 25 of a circulation path 23 serving as a culture 
circuit are connected to the circular port parts 18, 20, 
and a culture fluid 24 which is supplied through the cir- 
culation path 23 is circulated and stayed inside the cul- 
ture chamber 8 . 

[0023] The culture 22 is narrower than the rectangular 
part 1 6 of the culture chamber 8 and has a short rectan- 
gular shape, and a plurality of through holes 26 are 
formed at regular intervals in a width direction of the cul- 
ture sheet 22 at one end side thereof, and a plurality of 
retaining projections 28 serving as fixing means, which 
are formed at the rectangular part 1 6 side of the culture 
chamber 8, are inserted into the respective through 
holes 26. One end of the culture sheet 22 is fixed to an 
interior of the culture chamber 8 by the engagement be- 
tween the retaining projections 28 and the thro ugh holes 
26. According to this embodiment, although the retain- 
ing projections 28 are formed in a columnar shape but 
they may be formed in a prismatic shape. A prismatic 
magnetic body 30 is attached to the other end of the 
culture sheet 22 : namely, at the free end side of the cul- 
ture sheet 22, and as shown in Fig. 4. a matrix 32 made 
of collagen sponge, and so forth is attached between 
the magnetic body 30 and the through holes 26 on the 
surface of the culture sheet 22. The matrix 32 is a ma- 
terial to be cultivated, for example, ligament cell, tendon 
cell : mussel cell, and so forth of a human are seeded in 
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the matrix 32. 

[0024] The container 4 and the cover part 6 of the cul- 
ture unit 2 are integrated with each other and detachably 
attached to a base board 34 by fixing bolts 36. Further, 
an electromagnetic stretcher 38 serving as stress gen- 
erating means for generating a stress by an electromag- 
netic force is fixed to the base board 34 by fixing bolts 
40. The fixing bolts 42 are means for fixing the base 
board 34 to a base table, not shown. The base board 
34 may be configured to form a transparent part corre- 
sponding to the culture chamber 8 or made of a trans- 
parent material so as to visually confirm a culture status 
inside the container 4. 

[0025] The electromagnetic stretcher 38 is stress 
generating means for generating a stress by an electro- 
magnetic force and is formed by solenoid 46 wound 
around a core 44 made of ferrite, and so forth, wherein 
one end of the core 44 is allowed to oppose the magnetic 
body 30 inside the culture chamber 8. A control unit 50 
serving as control means for allowing a driving current 
to flow and canceling thereof, and so forth is connected 
to solenoid 46 of the electromagnetic stretcher 38. 
[0026] A driving current is forced to flow in the sole- 
noid 46 of the electromagnetic stretcher 38, and thereto. 
[0027] With such an arrangement, when the solenoid 
46 is energized to cause the electromagnetic force to 
act on the magnetic body 30 through the core 44, the 
magnetic body 30 is allowed to be attracted toward the 
core 44 so that a tension is caused to act on the matrix 
32 serving as a cell or tissue which proliferates inside 
the collagen sponge together with the culture sheet 22 
so as to expand the matrix 32. If the electromagnetic 
force is cancelled, the culture sheet 22 is contracted ow- 
ing to its elasticity. As a result, a tensile stress and a 
recovery force caused by the expansion and contraction 
of the culture sheet 22 can be caused to act on the matrix 
32. At this time, the supply and circulation of the culture 
fluid 24 which is needed for culture are effected through 
the circulation path 23 to enhance proliferation of the 
cell or tissue. 

[0028] There are provided in the controller 50, for ex- 
ample, as shown in Fig. 5, a current controller 500 for 
allowing a driving current to flow to the solenoid 46 of 
the electromagnetic stretcher 38 and controlling the so- 
lenoid 46, and a main controller 501 for controlling the 
current controller 500, and effecting driving control, dis- 
play control, and so forth, wherein the main controller 
501 executes a program control for setting a tension pat- 
tern, and so forth. The main controller 501 has a CPU 
serving as a processing means, a ROM or a RAM serv- 
ing as a memory, and so forth, and a program setting 
such as a rotation condition, and so forth is effected from 
an externally connected input unit 502. A display part 
504, an operation switch 506 for issuing an operation 
command, operation display means, for example, a dis- 
play lamp 508. a warning buzzer 510 serving as alarm- 
ing means, an external memory unit 512. a data base 
51 4 : and so forth serving as means for storing various 



data are provided in the main controller 501 , respective- 
ly. Further, a safety unit 516 for preventing anomalous 
operation is provided in the controller50, and the safety 
unit 51 6 comprises a temperature sensor 518 provided 

5 in the solenoid 46 for detecting the increase of temper- 
ature of the solenoid 46, the current controller 500 serv- 
ing as detecting means for detecting an excessive cur- 
rent flowing to the solenoid 46, and the main controller 
501 for preventing anomalous operation based on an 

10 output of detection of the increase of temperature and 
the excessive current. 

[0029] Further according to the cell/tissue culture ap- 
paratus, it is configured, for example, as shown in Fig. 
6, such that it is accommodated in a culture housing 550 

15 forming an optimum culture environment. There are pro- 
vided in the circulation path 23 a culture fluid bag 552 
for storing the culture fluid 24 therein, a gas absorption 
tube 554 for allowing the circulation path 23 to absorb 
gas and a fluid supply unit 556 for effecting circulation 

20 of the culture fluid 24. A piston 562 which is moved back 
and forth by a piston driving unit 560 is provided in the 
fluid supply unit 556, wherein when the piston 562 is 
moved forward, a valve 564 is opened and a valve 566 
is shut while when the piston 562 is moved backward, 

25 the valve 564 is shut and the valve 566 is opened, there- 
by effecting delivery of a predetermined amount of cul- 
ture fluid 24. 

[0030] The culture housing 550 has a heater 572 serv- 
ing as heating means, a fan 574 serving as blowing 

30 means, a humidifier 576 serving as means for setting a 
humidity as desired, and a temperature sensor 578, and 
to which N 2 is supplied from an N 2 supply unit 580, 0 2 
is supplied from an 0 2 supply unit 582, and C0 2 is sup- 
plied from a C0 2 supply unit 584, thereby forming an 

35 optimum culture environment adapted for the prolifera- 
tion and growth of the cell or tissue. 
[0031] A culture processing using the cell/tissue cul- 
ture apparatus of the first embodiment is next described 
with reference to flowcharts shown in Fig. 7 and Fig. 8. 

40 in Fig. 7 and Fig. 8, depicted by A and B show connect- 
ing symbols between the flowcharts. 
[0032] Upon actual culture, the matrix 32 in which the 
cell ortissue is transplanted is accommodated in the cul- 
ture chamber 8 while the cover part 6 is removed, then 

45 it is installed in the culture chamber 550. After a temper- 
ature, a humidity, a carbon dioxide concentration, an ox- 
ygen concentration and so on in the culture chamber 
are set at proper conditions, a culture fluid 24 having an 
optimum amount to the cell or tissue is supplied to the 

so matrix 32. 

[0033] In step S1, the controller 50 is an operation 
state, and an operation program is inputted through the 
Input unit 502 and a condition setting is effected. Assum- 
ing that for input items, first to third stages are set con- 

55 sidering the culture stage and so forth, for example, 
there are set such that a physical stimulation, namely, 
a level of the tensile stress is S-,. its continuation time is 
T 1 in the first stage, a level of the tensile stress is S 2 . its 
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continuation time is T 2 in the second stage, a level of 
the tensile stress is S 3 , and its continuation time is T 3 in 
the third stage, the magnitude relation therebetween is 
established as S 1 <S 2 <S 3 , T A <T 2 <T 3 . This relation is 
one example, and hence various conditions can be set. 
[0034] After setting such conditions, when the opera- 
tion switch 506 turns ON in step S2, the program goes 
to step S3 where an operation display is effected on the 
display part 504 and the display lump 508 is lit up. 
[0035] In step S4, a current corresponding to the level 
S-, is supplied to the solenoid 46 so as to cause the ten- 
sile stress of a level S! to act on the culture sheet 22, 
then the program goes to step S5, In step S5, it is de- 
cided whether the anomaly occurs or not in the safety 
unit 51 6 so as to maintain the accuracy of tensile stress. 
In this case, it is decided whether a value of detected 
current flowing to the solenoid 46 is anomalous level or 
not and the detected temperature of the solenoid 46 is 
anomalous temperature or not. and if there does not oc- 
cur anomaly, the program goes to step S6. In step S6, 
it is decided whether the continuation time T-, elapses 
or not, and the processings of the steps S4 and S5 are 
executed until the continuation time T 1 elapses. 
[0036] Upon elapse of the time T 1 , the program goes 
to step S7 where a current corresponding to a level S 2 
is applied to the solenoid 46, then the program goes to 
step S8. In step S8, it is decided whether there is anom- 
aly or not in the safety unit 51 6, and if there is no anom- 
aly, the program goes to step S9. In step S9, it is decided 
whether time T 2 elapses or not, and the processings of 
steps S7 and S8 are executed until continuation time T 2 
elapses. 

[0037] Upon elapse of the time T 2 , the program goes 
to step S1 0 where a current corresponding to the level 
S 3 is applied to the solenoid 46, then the program goes 
to step S11 . In step S11 , it is decided whether there is 
anomaly or not in the safety unit 516, and if there is no 
anomaly, the program goes to step S12. In step S12, it 
is decided whether the time T 3 elapses or not, and the 
processings of steps S10 and S11 are executed until 
continuation time T 3 elapses. 

[0038] Upon elapse of the time T 3 , the program goes 
to step S1 3 where a completion display is effected, then 
the program goes to step S1 4 where it is decided wheth- 
er the operation switch 506 turns OFF or not, and the 
processings of steps S10 to S13 are executed until the 
operation switch 506 turns OFF. 
[0039] When the operation switch 506 turns OFF, the 
program goes to step S15 where stoppage of the exci- 
tation of the solenoid 46, and the cancellation of the op- 
eration display and completion display are effected, 
thereby completing the culture program. 
[0040] If anomaly turns up in the safety unit 51 6 in step 
S5, and step S8 or step S11 , the program goes to step 
S16 where the supply of current to the solenoid 46 is 
stopped, then the program goes to step S1 7 where the 
alarm display is effected on the display part 504. then 
the alarm buzzer 510 is sounded to notify the anomaly. 



[0041] Next, Fig. 9 to Fig. 14 show a second embod- 
iment of a cell/tissue culture apparatus, wherein Fig. 9 
shows configurations of a culture unit and a driving part, 
Fig 1 0 is a sectional view taken along the line X-X in Fig. 
5 9, Fig 11 is a sectional view taken along the line XI-XI 
in Fig. 9, Fig. 12 shows a culture sheet, Fig. 13 shows 
a culture unit, Fig. 14 shows a configuration of a con- 
troller, wherein the constituents which are the same as 
those in the first embodiment are depicted by the same 
10 reference numerals. 

[0042] According to the cell/tissue culture apparatus 
of the embodiment, a stress from an outside of a culture 
chamber 8 is caused to directly act on a culture sheet 
22 and a matrix 32 instead of the solenoid 46 in the first 
15 embodiment. In this case, a tension spindle 52 attached 
to the culture sheet 22 is drawn out from a through hole 
51 formed in a side wall side of a culture unit 2, and a 
driving shaft 58 of an actuator 56 serving as stress gen- 
erating means is attached to one end of the tension spin- 
dle 52 via a tension control spring 54. A controller 60 
serving as control means for controlling the back and 
forth movement of the driving shaft 58 is connected to 
the actuator 56. 

[0043] As shown in Fig. 12, a chuck 62 serving as fix- 
ing means is attached to a free end side of the culture 
sheet 22, so that the culture sheet 22 is held like a plate 
shape, and the tension spindle 52 is attached to a back 
face side of the chuck 62. A through hole 64 through 
which the tension control spring 54 is attached is formed 
in the tension spindle 52. 

[0044] An O-ring 66 serving as hermeticity holding 
means between the tension spindle 52 and the culture 
unit 2 is attached to the through hole 51 formed in the 
side wall part of a container 4 of the culture unit 2, and 
a block plate 68 serving as means for holding the O-ring 
at the culture unit 2 side is attached to the side face part 
of the culture unit 2. The culture unit 2 is detach ably at- 
tached to a base table 70 by bolts fixing bolts 36. A con- 
troller 60 is provided on the actuator 56, serving as 
means for contra I ling the driving of the actuator 56, mon- 
itoring the proliferation and growth, and so on. 
[0045] The controller 60 is configured, for example, 
as shown in Fig. 14. That is, the controller 60 has a main 
controller 600 which effects display control and so on as 
well as drive control of the actuator 56 such as a cylinder 
and so forth for effecting application and relief of a ten- 
sile stress relative to the culture sheet 22 when the ac- 
tuator 56 moves back and forth, and also executes a 
program control for setting a tension pattern, and so 
forth. The main controller 600 is provided with a CPU 
serving as processing means, a ROM, a RAM, and so 
forth serving as a memory, and a setting of program 
such as rotation conditions and so forth is effected from 
an externally connected input unit 602. The mam con- 
troller 600 is provided with a display part 604, an oper- 
ation switch 606 for giving an operation instruction, op- 
eration display means, for example, a display lump 608. 
a warning buzzer 61 0 serving as warning means, an ex- 
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temal memory device 612 serving as means for storing 
various data, a database 614, and so forth. Further, a 
safety unit 616 for preventing anomalous operation is 
provided together in the actuator 56. 
[0046] In the second embodiment, when the actuator 
56 is driven to cause the tension to act on the tension 
spindle 52, the tension can be applied so as to stretch 
the matrix 32, which proliferates inside the collagen 
sponge together with the culture sheet 22 while if the 
driving is cancelled, the culture sheet 22 is contracted 
owing to its elasticity, resulting in causing a tensile stress 
and a recovery force caused by the expansion and con- 
traction of the culture sheet 22 to act on the matrix 32. 
And the supply and circulation of culture fluid 24 needed 
for culture is effected through the circulation path 23, 
thereby enhancing proliferation of the cell or tissue in 
the same manner as the first embodiment. 
[0047] A culture processing using the cell/tissue cul- 
ture apparatus according to the second embodiment is 
now described with reference to flow charts shown in 
Fig. 15 and Fig. 16 and a timing chart shown in Fig. 17. 
In Fig. 15 and Fig. 1 6, depicted by C and D show con- 
necting symbols between the flowcharts. 
[0048] Upon actual culture also in the second embod- 
iment, the matrix 32 in which the cell or tissue is trans- 
planted is accommodated in the culture chamber 8 while 
the cover part 6 is removed, then it is installed in a cul- 
ture chamber 550. After a temperature, a humidity, a 
carbon dioxide concentration, an oxygen concentration 
and so forth in the culture chamber 550 are set at proper 
conditions, a culture fluid 24 having an amount optimum 
to the cell or tissue is supplied to the matrix 32. which 
is the same as the first embodiment. 
[0049] In step S21 , the controller 60 is an operation 
state, and an operation program Is inputted through the 
input unit 602, thereby effecting a condition setting. As- 
suming that for input items, first to third stages are set 
considering the culture stage and so forth, for example, 
there are set such that continuation time is Tj and a 
physical stimulation, namely, a tension is F^F^O in this 
embodiment) in the first stage, continuation time is T 2 , 
a tension is F 2 , load time is t A2 , non-load time is t s2 in 
the second stage, continuation time is T 3 , and a tension 
is F 3 , load time is t A3 , non-load time is t S3 in the third 
stage, the magnitude relation therebetween is estab- 
lished as F 1 (=0)<F 2 <F 3) T 1 <T 2 <T 3l however, this con- 
dition is one example, various conditions can be set. 
[0050J After setting such conditions, when the opera- 
tion switch 606 turns ON in step S22, the program goes 
to step S23 where an operation display is effected on 
the display part 604 and the display lump 608 is lit up 
as shown in Fig 17(A). 

[0051] In step S24, it is decided whether the time T-, 
elapses or not, and if the time T 1 elapses, the program 
goes to step S25 where it is decided whether there oc- 
curs anomaly or not in the safety unit 61 6, and if there 
does not occur anomaly, the program goes to step S26. 
In step S26, the actuator 56 is moved by the distance 



corresponding to the tension F 2 . 
[0052] In step S27, it is decided whether a load time 
t A2 elapses or not. That is, the application of the tension 
F 2 lasts over a period of load time t A2 , and if the load 
5 time t^ elapses, the program goes to step S28 where 
the actuator 56 is returned to a starting point, then the 
program goes to step S29. 

[0053] In step S29. it is decided whether the non-load 
time t S2 elapses or not, and if the non-load time t S2 

10 elapses, the program goes to step S30. In step S30, it 
is decided whether the continuation time T 2 elapses or 
not, and the processings in Steps S25 to S29 are con- 
tinuously executed until the continuation time T 2 elaps- 
es, as shown in Fig. 17(C). 

15 [0054] If time T 3 elapses, the program goes to step 
S31 where it is decided whether there occurs anomaly 
in the safety unit 61 6 or not, and if there does not occur 
abnormally, the program goes to step S32. In step S32, 
the actuator 56 is moved by a distance corresponding 

20 to the tension F 3 , then the program goes to step S33. 
[0055] In step S33, it is decided whether the load time 
t A3 elapses or not, and a state where the tension F 3 is 
acted continues until the load time t A2 elapses. 
[0056] If the load time t A3 elapses, the program goes 

25 to step S34 where the actuator 56 is returned to the start- 
ing point, and the program goes to steps S35 where it 
is decided whether the n on -load time t S3 elapses or not. 
[0057] If the non-load time t S3 elapses, the program 
goes to step S36 where the continuation time T 3 elapses 

30 or not, and the processings in Steps S31 to S35 are con- 
tinuously executed until the continuation time T 3 elaps- 
es, as shown in Fig. 17(C). 

[0058] If time T 3 elapses, the program goes to step 
S37 where completion display is effected, then the pro- 
35 gram goes to step S38 where it is decided whether the 
operation switch 606 turns OFF or not, and the comple- 
tion display is lit up until the operation switch 606 turns 
OFF, as shown in Fig. 17(B). 

[0059] When the operation switch 606 turns OFF, the 

40 program goes to step S39 where the driving of the ac- 
tuator 56 is stopped, and the cancellation of the opera- 
tion display and completion display are effected, thereby 
completing the culture program. 
[0060] In the case where the anomaly of the safety 

^5 unit 61 6 is turned out in step S25 or step S31 , the pro- 
gram goes to step S40 where the driving of the actuator 
56 is stopped, then the program goes to step S41 where 
the occurrence of anomaly is displayed on the display 
part 604, and the warning buzzer 78 is sounded, thereby 

50 notifying the anomaly. 

[0061] With such processings, a physical stimulation 
caused by the tension which is differentiated corre- 
sponding to each culture stage can be applied to the 
material to be cultivated in the same manner as the first 

55 embodiment. Although a physical stimulation which is 
constantly varied by the physical exercise, is applied to 
muscles, tendons, articular cartilage, bones, ligaments 
and so forth of the human body, with use of the cell/tis- 
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sue culture apparatus of the second embodiment, it is 
possible to realize the physical stimulation which is the 
same as a human body, thereby cultivating a strong cell 
or tissue. Particularly, according to the second embod- 
iment, since thetension is varied by the acceleration and 
deceleration, the cell or tissue under the culture realizes 
a wide range of physical stimulation ranging from pul- 
sative stimulation to gentle stimulation. 
[0062] Next, Fig. 1 8 shows the attachment and de- 
tachment of the culture unit 2. When the culture is ter- 
minated using the culture unit 2 as illustrated in the first 
embodiment or second embodiment, the culture unit 2 
shuts, for example, the circulation tube 25 of the circu- 
lation path 23 connected to the circulation ports 1 8, 20, 
in this example, a pinch cock 1 00 and a cock valve 1 02 
serving as shutting means are attached to the circulation 
tube 25 across the culture unit 2, and if a shut processing 
is effected by the pinch cock 1 00 and the cock valve 
1 02, the culture unit 2 can be separated from the circu- 
lation path 23 and the culture chamber 8 can be held in 
a hermetically sealed state, thereby preventing the cul- 
ture fluid 24 from being leaked out. 
[0063] Further, if the culture unit 2 is sterilized by a 
sterilizing method using an autoclave, and so forth, UV 
sterilization, gummer rays sterilization, and so forth, the 
interior of the culture unit 2 can be maintained in an 
aseptic condition for a long period of time. According to 
this embodiment although the pinch cock 1 00 and cock 
valve 102 are employed as means for shutting the cir- 
culation tube 25, other shutting means may be em- 
ployed. 

[0064] Next, Fig. 1 9 shows a cell/tissue culture appa- 
ratus according to a third embodiment of the present in- 
vention. According to this embodiment, a seeing 
through wall part 520 is provided on a base board 34 
and a container 4 at a part or as a whole of the culture 
unit 2 of the first embodiment through which the interior 
of a culture chamber 8 can be seen, and a CCD camera 
522 serving as photographing means for photographing 
a matrix 32 in the culture chamber 8 is installed in the 
vicinity of the seeing through wall part 520 } wherein im- 
age obtained by the CCD camera 522 is supplied to an 
image processing unit 524 where the image is proc- 
essed and the processed image is displayed on an im- 
age display unit 526, and it is also supplied to a decision 
unit 528 as decision information. The decision unit 528 
decides a proliferation state, growth state of the cell or 
tissue and proliferation of various bacteria (contamina- 
tion) in response to the change of color, the shape, and 
so forth of the matrix 32 based on the processed image, 
and the result of decision is supplied to a main controller 
501 . That is, if the state of the matrix 32 in the culture 
chamber 8 is grasped as image information . and it is 
observed through this image information, a proliferation 
state, a growth state or a growth stage of the matrix 32 
can be visually grasped with accuracy, and appropriate 
processing can be executed corresponding to that state. 
Such a monitor of the interior of the culture unit 2 through 



seeing can be also applied to the cell/tissue culture ap- 
paratus of the second embodiment. 
[0065] Figs. 20 to 23 show embodiments of other ma- 
terials to be cultivated. According to the first embodi- 

5 ment and second embodiment, a culture floor has been 
formed by use of the culture sheet 22, but as shown in 
Fig. 20(A), a magnetic body 30 may be attached to a 
matrix 32 and fixing through holes 26 may be formed on 
the matrix 32 or as shown in Fig. 20 (B) , a chuck 62 and 

10 a tension spindle 52 may be attached to the matrix 32, 
and hence a culture sheet 22 is not always required for 
the material to be cultivated. 

[0066] Further, as shown in Fig. 21(A), use may be 
made of a flexible culture body 32 A which is formed by 

ts weaving a fibrous or string shaped tissue formed of col- 
lagen, and so forth serving as a material to be cultivated 
such as rib stitch, stockinet weaving, and so forth. The 
through holes 26 may be formed on one fixed end side 
of the culture body 32A, and a chuck 62 provided with 

20 a tension spindle 52 may be attached to a free end side 
of the culture body 32A, whereby the application and 
relief of a tension is effected in the same manner. Even 
with the culture having no culture sheet 22, a sheet- 
shaped material to be cultivated can be realized as 

25 shown in Fig. 21(B). Further, a magnetic body 30 may 
be attached to a free end side of a culture body 32 A in 
place of the chuck 62 and the tension spindle 52 so as 
to cause a magnetic to act on force on the magnetic 
body 30 to apply a stencil stress to the culture body 32A 

30 in the same manner as the first embodiment. 

[0067] As shown in Fig. 22 (A) and (B), use is made 
of a flexibly culture body 32B which is formed by weav- 
ing a fibrous or string shaped tissue made of collagen, 
and so forth serving as a material to be cultivated in a 

35 fiat sheet, and rolling it in a cylindrical or prismatic 
shape. In this case, one end of the culture body 32B is 
fixed to a fixing part 72 which protrudes toward an inner 
wall part of a culture unit 2, and a magnetic body 30 is 
attached to the free end side thereof, whereby the ap- 

40 plication and relief of a tension is repetitively effected by 
use of an electromagnetic stretcher 38 so as to apply a 
physical stimulation corresponding to the amount of 
movement of a body, thereby obtaining a cylindrical or 
prismatic material to be cultivated. Further, in the case 

45 of using such a cylindrical culture body 32B, collagen 
sponge, and so forth may be filled in the hollow interior 
of the culture body 32 B as a matrix 32. 
[0068] Further, in the case of using a flexibly culture 
body 32B which is formed by weaving a fibrous or string 

50 shaped tissue made of collagen, and so forth serving as 
a material to be cultivated in a flat sheet, and rolling in 
a cylindrical or prismatic shape as shown in Fig 23(A), 
one end side of the culture body 32B is fixed by use of 
a fixing tool 74 which projects toward an inner wall part 

55 of a culture unit 2, and a tension spindle 52 is attached 
to a free end thereof, whereby application and relief of 
a tension is repetitively effected relative to the culture 
body 32B by use of the actuator 56 as shown in Fig. 9 
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and Fig. 10 so as to apply a physical stimulation corre- 
sponding to the amount of movement of a human body, 
thereby obtaining a cylindrical or prismatic material to 
be cu ltivated as shown in Fig. 23(B). A collagen sponge, 
and so forth serving as a matrix 32 may be filled in a 5 
hollow part of the cylindrical culture body 32B in the 
same manner as the previous embodiment. 
[0069] Incidentally described in the first embodiment 
is the case where the control as illustrated in the flow- 
charts of Fig. 7 and Fig. 8 is effected in the cell/tissue 10 
culture apparatus, the control as illustrated in Fig. 15 to 
Fig. 1 7 may be effected in the cell/tissue culture appa- 
ratus of the first embodiment, wherein according to the 
cell/tissue culture apparatus of the first embodiment, 
even if there are set for example, such that continuation '5 
time is T 1? a physical stimulation, namely, a tension is 
F^F^O in this embodiment) in the first stage, continu- 
ation time is T 2 , a tension is F 2 , load time is t^ and non- 
load time is t S2 in the second stage, continuation time is 
T 3 and a tension is F 3 , load time is t A3 and non-load time 20 
is t S3 in the third stage, thereby applying tension change 
intermittently, the same effect can be expected. 
[0070] As mentioned in detail above, the following ef- 
fects can be obtained by the present invention. 

25 

a It is possible to apply a physical stimulation such 
as a tensile stress, and so forth to the material to 
be cultivated in the chamber in a non-contact state. 
It is possible to cultivate, for example, a cell ortissue 
such as tendons, ligaments, and so forth of the hV 30 
ing body to which a tensile stress is incessantly ap- 
plied. 

b It is possible to apply a physical stimulation such 
as a tensile stress, and so forth corresponding to 
the stage of the growth to the material to be culti- 35 
vated. 

c Since the culture unit accommodating the material 
to be cultivated therein can be moved by independ- 
ently separating from the culture circuit, or by de- 
tachable from or attaching to the culture circuit, *o 
thereby protecting the material to be cultivated from 
the contamination with various bacteria, and so 
forth. 

d A physical stimulation as desired can be applied 
to the material to be cultivated, so that a physical 45 
stimulation corresponding to the part of a living body 
can be realized and the acceleration of the culture 
can be enhanced. 

e Each stage of the growth of the cell ortissue can 
be accurately grasped by image. so 

[0071] Although the configurations, operations and 
effects of the cell/tissue culture apparatus serving as the 
mode for carrying out the present invention are de- 
scribed with reference to the embodiments as shown in 55 
the attached drawings, the present invention is not lim- 
itedtosuch a mode for carrying out the present invention 
and the embodiments, but it includes all the configura- 



tions ; which can be predicted orconj ectured by a per- 
son skilled in the art, such as various configurations, 
modifications, and so forth which can be conjectured by 
the object, the mode for carrying out the present inven- 
tion, and the embodiments of the present invention. 

INDUSTRIAL APPLICABILITY 

[0072] As mentioned above, the cell/tissue culture ap- 
paratus of the present invention is useful for the culture 
of the cell or tissue to which a tissue engineering is ap- 
plied, more particularly, it is adapted for efficiently real- 
izing a metabolism function of a cell ortissue when per- 
forming an in vitro culture of the cell or tissue of a living 
body such as a human body, and so forth, and for ap- 
plying a physical stimulation necessary for life prolon- 
gation, differentiation, and acceleration of the cell to the 
material to be cultivated. 



Claims 

1 . A cell/tissue culture apparatus comprising: 

a chamber for circulating a culture fluid; 

a material to be cultivated that is placed in the 

chamber; 

stress generation means for causing a tensile 
stress to act on the material to be cultivated 
from an outside of the chamber; and 
control means for causing the tensile stress 
generated by the stress generation means to 
intermit, and causing the tensile stress to un- 
dergo gradual increase or gradual decrease in 
magnitude- 
characterized in that the tensile stress ap- 
plied to the material to be cultivated is caused to 
intermit as well as undergo the gradual increase or 
gradual decrease in magnitude overtime. 

2. A cell/tissue culture apparatus comprising: 

a chamber for circulating a culture fluid; 
an elastic member placed in the chamber, to- 
gether with the material to be cultivated; 
stress generation means for causing a tensile 
stress to act on the material to be cultivated 
from an outside of the chamber through the in- 
termediary of the elastic member; and 
control means for causing the tensile stress 
generated by the stress generation means to 
intermit and causing the tensile stress to un- 
dergo gradual increase or gradual decrease in 
magnitude; 

characterized in that the tensile stress ap- 
plied to the materiat to be cultivated is caused to 
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intermit as well as undergo the gradual increase or 
gradual decrease in magnitude overtime. 

3. A cell/tissue culture apparatus according to Claim 
1 or 2, characterized in that the stress generation 
means is configured by an electromagnetic force 
generation unit for causing a magnetic force to act 
on a magnetic body attached to the material to be 
cultivated or the elastic member 

4. A cell/tissue culture apparatus according to Claim 
2, characterized in that the elastic member is 
made of a silicone rubber sheet. 

5. A cell/tissue culture apparatus according to Claim 15 
t or 2, characterized in that a culture unit in which 
the chamber is formed is detachably attachable to 
a culture circuit for circulating the culture fluid. 

6. A cellAissue culture apparatus according to the 
Claim 1 or 2, characterized in that part or whole 
of the culture unit in which the chamber is formed 
is rendered transparent, and provided with photo- 
graphing means, thereby enabling the material to 
be cultivated in the chamber to be photographed 
from an outside of the chamber. 

7. A cell/tissue culture apparatus according to Claim 
1 , characterized in that the material to be cultivat- 
ed is formed in a sheet shape, columnar or prismatic 30 
shape. 

8. A cell/tissue culture apparatus according to Claim 
1 , characterized in that the material to be cultivat- 
ed is formed by weaving a fibrous or string shaped 35 
tissue and having elasticity. 
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